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METHOD AND DEVICE FOR THE REAL-TIME
LOCALIZATION OF RECTILINEAR CONTOURS
IN A DIGITIZED IMAGE, NOTABLY FOR SHAPE
- RECOGNITION IN SCENE ANALYSIS
PROCESSING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and a de-
vice to localize reclinear contours in a dlgltlzed image.

The invention shall be described chiefly in the con-
text of an application to the analysis of a scene in which
1t is sought to recognize shapes characterized by recti-
hinear contours. |

It 1s thus, for example, that when it is sought to local-
1ze man-made objects (roads, bridges, railways, canals
etc.) in a natural environment, in infrared images pro-
duced by a camera placed on board an aircraft, such
objects when observed generally appear in a polygonal
‘shape. As a typical apphcatlon we mlght cite path-cor-
rection operations in aircraft navigation.

This application to shape recognition does not, how-
ever, restrict the scope of the present invention, which
- can also be used for other applications necessitating the
extraction of dots of rectilinear contours, for example
stereovision apphcatmns

In general, image processing is done in three steps,
namely:

the search for the dots that may belong to rectilinear
contours; -

the analytlca] description of the segments formed by
these dots, and

the grouping of the various segments, thus detected
and analyzed, that belong to one and the same object
being searched for.

The 1nvention relates to the first one of these steps,
namely the preliminary search, in the unprocessed im-
age, for rectilinear contours and the dlstlngulshmg of
these contours from the other dots of the image. The
results produced by the method and device of the inven-
tion will then be used as the basis for the downline
processing corresponding to the next two steps.

2. Description of the Prior Art

Up till now, the processing algorithms and the types
of physical architecture used have not provided for a
localization, such as this, of the rectilinear contours in
real time (namely at the video rate of the images pro-
duced) and have been even less capable of providing for
the full processing of the image, as constituted by the
three steps mentioned here above.

SUMMARY OF THE INVENTION

Thus, one of the aims of the invention is to propose a
particular method of processing, with an architecture
adapted thereto, enabling this processing of the localiza-
tion of the rectilinear contours to be done in real time.

It shall be seen, in particular, that the processing
0perat10ns all have a local character (namely, the analy-
sis or processing of a given pixel is done solely as a
function of the pixels located around it in a limited
neighborhood, typically a neighborhood in the range of
3X3 to 9x9)

This makes it possible to achieve relative sunphc:ty in
the processing to be done, unlike in prior art methods

which generally make it necessary to consider the entire

image, thus making it necessary to provide for an archi-
tecture that is relatively complicated and costly in terms
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of circuits (with large-capacity frame memories, a large
volume of computations etc.).

In the detailed description of the invention, attention
will -also be drawn to the adaptive character of the
processing operations with respect to the contents of
the image. This characteristic enables a notable im-
provement in the quality of these processing operations.

To this effect, the present invention proposes a
method to localize rectilinear contours in a digitized
image, notably for the recognition of shapes in a scene
analysis processing operation, said image being formed
by a two-dimensional frame of pixels each exhibiting a
determined gray level,

wherein said method comprises the steps of:

(a) the approximating, for each pixel, of the gradient
of the gray level function of the image at the position of
the pixel, the gradient being defined by an argument,
representing an element of information on direction,
and by a norm, representing an element of information
on the amplitude of the transition of the gray level in
this direction,

(b) the extracting, from among all these pixels, of a
sub-set of contour pixels, where each contour pixel
corresponds to a local maximum of the gray level func-
tion in the direction of the gradient, this maximum being
determined from said information on amplitude of tran-
s1t10n,

(c) the complementing, of this sub-set of contour
pixels, by interposed filler pixels should there be a dis-
continuity of the corresponding contour in a given
neighborhood, and

(d) the performing, for each contour pixel or filler
pixel, of a comparison of the neighborhood of this pixel
with a series of characteristic configurations and the
designating of the corresponding pixel as being a recti-
linear contour pixel if and only if this comparison deter-
mines a correspondence of the neighborhood of this
pixel with one of these characteristic configurations.

An object of the invention is also a device that is
constituted by means that enable the implementation of
these functions, and in which the localizing of the recti-
hnear functions is then advantageously done in real time
at the video rate. |

In a preferred embodiment, the neighborhood consid-
ered at step (d) includes two concentric and non-con-

- tiguous square crowns defined around the contour pixel

or filler pixel considered, notably the 5X5 crown and
the 99 crown surrounding the contour pixel or filler
pixel.

Preferably, the step (a) for the approximation of the
gradient is performed by convolution of the gray level
function of the image with the gradient of a smoothing
function. This smoothing function may notably be a
(Gaussian function. |

Advantageously, after the step (a), a thresholding is
done on the norm of the gradient, the value of this norm

' being forced to zero if the norm is below a given thresh-

old This thresholding operation is then preferably an
adaptive thresholding operation, the respective thresh-
olds being determined as a function of the mean of the
norm of the gradient on the previous image.

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention shall now be de-
scribed with reference to the appended drawings.
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FIG. 11s a diagram giving a schematic explanation of
the sequencing of the different steps of the processing of
the method of the invention.

FIG. 2 illustrates one of the sub-steps of the step for
extracting the contour dot.

FIG. 3 illustrates the step for filling the holes of the
contour.

FIG. 4 shows the two concentric crowns defining the
neighborhood used during the configuration testing
siep.

FIG. 5 shows part of the masks corresponding to the
different configurations characterizing a rectilinear
contour.

FIG. 6 is a block diagram illustrating a preferred
architecture enabling the real-time implementation of
the processing shown schematically in FIG. 1.

FIG. 7 shows the internal organization of the module

referenced “statistical filter’”, used in the architecture of
FIG. 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

General Presentation of the Processing

FIG. 1 shows the sequencing of the different steps of
the method of the invention. These steps shall subse-
quently be described in detail.

The method processes an image formed by a two-di-
mensional frame of pixels each exhibiting a determined
gray level, for example the image delivered by a video
camera such as an air-ground infrared camera on board
an aircraft.

From this unprocessed image, in the step referenced
“revealing of the contours”, for each pixel, the gradient
of the gray level function of the image analyzed (or an
approximation of this gradient) will be determined.

Thus, for each pixel, a complex value (i.e. in other
terms, a vector) will be defined, said vector containing,
for each dot, two information elements, namely:

a measurement of the local transition of the gray
levels in the vicinity of this point, represented by the
norm | |G| | of the gradient vector, and

an estimation of the direction in which this transition
1s made, represented by the argument Arg(G) of the
gradient vector; should a contour be effectively present
in the neighborhood of this dot the gradient direction
will be perpendicular to the direction of the contour.

The next step, referenced *‘extraction of the contour
dots™ consists in Keeping only the dots corresponding to
local maxima of the image formed by the norm | |G| ]
of the gradient, for example local maxima in a 3X3
neighborhood, in keeping only the “peak lines” of this
image.

At output, then, a binary value “0” or “1” is assigned
to each pixel of the image, depending on whether it has
been determined (in the manner that shall be indicated
further below) that this dot belongs to a contour or does
not belong to it.

Furthermore, to eliminate contour dots of little signif-
icance, and to attenuate the influence of the noise, a
thresholding is done on the image-gradient as a function
of the norm of the vectors, the gradient vector being
forced to zero if its amplitude is below a given thresh-
old.

Advantageously, the threshold thus considered is an
adaptive threshold, determined as a function of the
norms of the gradient vectors, said norms having been
analyzed statistically in the previous image.
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The next step, referenced “filling of the holes” con-
sists in eliminating the discontinuities that may be en-
countered along a given contour.

This filling admittedly has the drawback of slightly
thickening the contour, but it is necessary for the effi-
cient performance of the next step, namely the configu-
ration testing step, which is extremely sensitive to the

presence of holes or small uneven features in the ex-
tracted contours.
Thus, at output, there is obtained a continuous con-

tour formed by a series of pixels to which there will
have been assigned the value “3” (original contour
pixel) or *1” (filler pixel, initially null), the value “0™
corresponding an initially null and unfilled pixel (hence
a pixel that will never be considered as belonging to a
contour). |

The fourth and last step of the processing operation,
referenced *‘detection of the rectilinear contours” con-
sists in performing a configuration testing or pattern
matching operation designed to determine, for each
pixel belonging to a contour, whether this pixel belongs
to a rectilinear contour (in which case it will be assigned
the value “I”") or not (in which case it will be assigned
the value “0”.

This test is done, as shall be explained further below,
by comparing the neighborhood of the pixel considered
with reference neighborhoods (also called “configura-
tions” or “masks”) each reference configuration being
characteristic of a segment of a given direction.

The 1image obtained a output after this step shall thus
be constituted exclusively by pixels belonging to recti-
linear contours. |

Each of the different steps of the processing opera-
tion shall now be described in detail.

Revealing the Contours (Determination of the
Gradient)

This step shall be performed by applying an operator
to the value (gray level) of each pixel of the image.. The
response of this operator at any dot will be all the higher
a this dot is located at a major local transition of the
gray level function of the analyzed image.

To avert disturbances due to noise and to local une-
vennesses of the image, the operator used will advanta-
geously be an operator carrying out an approximation
of the gradient G(x,y) of the image J(x,y) obtained by
convolution of the image function I(x,y) with a smooth-
ing function W(x,y) of a statistical character.

To this effect, it is possible to use a variety of smooth-
ing functions which may or may not be Gaussian func-
tions, isotropic or non-isotropic Gaussian functions, or
Gaussian functions with or without diagonal covariance
matrix. |

It is possible, for example, to use the following iso-
tropic Gaussian function:

Wos(x.y)=1/(2-m-a)exp[— (x2+y2)/2.0Y]

the gradient function of which will therefore be:
VWeo=~1/0%(x,p)} Wo(x.y)

The value of the gradient sought is given by:
G(x-yi =V(W*)(x,y)

It will be noted that this latter expression may be also
written in the form:
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Gix.y) = (V W*T)(x.p)

It 1s therefore seen that it suffices to convolute the
image function I with VW to obtain the gradient value
G sought.

In practice, the smoothmg function chosen will pref-
erably be a function W(x,y) such that the values
| |[VW(x,y)| | assumed by the standard of its gradient
may be considered to be negligible outside a square C
centered on the origin and having a fixed size. In other
words, the integral of the function | |[VW(x,y)|| com-
puted in the square C should be close to the integral
computed throughout the plane R2. The convolution
core will then be constituted by the restriction of the
vector function VW to the square C. The size of the
square C (typically 5X5 or 9X9) will depend on the
signal-to-noise ratio of the images processed and on the
nature of the objects sought.

The gradient thus computed shall be defined at any
point by its norm (measurement of the amplitude of the
transition of the gray level at the dot considered) and by
its argument (giving an estimation of the direction in
which this estimation is made).

It will be noted that the norm of the gradient vector
may also be likened to a coefficient of likelihood as-
signed to the estimation of the direction of the gradient
at the dot processed. In other words, if the norm is a
very low-value norm, the estimated direction will be
highly random whereas if, on the contrary, it is high
(with a very sharp transition), the estimation of the
direction will certainly be more realistic.

It will also be noted that the gradient direction is
defined in the interval [0, 180°] (the direction of the
vector is therefore not kept).

Extraction of the Contour Dots

This step 1s aimed at determining the presence of a
contour by the search for the local maxima of the norm
of the gradient in the direction of this gradient (hence in
a direction perpendicular to the direction of the contour
if the dot considered is a contour dot).

The test is performed on the basis of the following
definition (assuming the gray level function to be con-
tinuous): a dot M with coordinates (x,v) is a contour dot
if and only if the relationship:

G(x.y)>G(x"y)

1s verified for every dot (x,y') belonging to a given
neighborhood of the dot (x,y) and located on the
straight line supporting the vector G(x,y).

In practice, as shown in FIG. 2, a 3 X 3 neighborhood
will be considered and it will be decided that the dot
M(x,y) 1s a contour dot if and only if the relationship:

G(x,y)ZG(x0,y0) et G(x,y)ZG(x1,y1)

is verified (xo,yo) and (x1,y1) being the respective coor-
dinates of the neighboring dots Vg and Vj, located in a
3X 3 mask centered on the dot M(x,y), symmetrically
arranged with respect to this dot M and having an ori-
entation as a function of the direction of the gradient
G(x,y). |

With respect to the latter condition, the four possible
cases are illustrated 1n FIG. 2 as a function of the gradi-
ent vector. |

If the pixel (x,y) verifies the condition indicated here
above, 1t 1s assigned the binary value “17, i.e. it is de-
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cided that this pixel belongs to a contour; if not, it is
assigned the value “0”, i.e. it is considered that this pixel
does not belong to a contour.

It will be noted that, to eliminate the contour dots
having little significance and to attenuate the influence
of the noise, an adaptive thresholding operation is car-
ried out (before the search for the local maxima) forcing
the norm of the gradient vector to zero if this norm is
below a given threshold which is very advantageously

~ a threshold servo-linked to a statistical value obtained

from the modules of the gradients of the pixels of the
previous image.

Filling of the Holes

Since the configuration test is extremely sensitive to
the presence or holes or small uneven features in the
contours extracted, the discontinuities have to be re-
moved from these contours by the addition of comple-
mentary pixels at the positions of these discontinuities.
However, it will be sought to reduce the thickening of
the contour, resulting from this addition of pixels, to a
minimum.

‘The principle of this filling operation, illustrated
schematically in FIG. 3, consists in extending the seg-
ments by an additional filling pixel. This filling ‘will,
however, be done only if the filling pixel added is adja-
cent to an original contour pixel.

In practice, the operation is done by considering 3 x 3
neighborhood of the pixel Ip, this neighborhood V
being formed by the pixels I to Ig, written as follows:

I3

V = Igloly
I efs

It will then be said that the dot I should be filled if and

only if:

1) its amplitude is null AND

2) if:

one of the pixels I or Is has a non-null amplitude and

a direction close to 45° (a direction that shall be
defined as being a direction oriented to 45°, if a
quantification step of 22.5° has been selected as in
the chosen example);

OR -
one of the pixels I4 to Ig has a non-null amplitude and

a direction close to 90° (a direction that shall be
defined as being a direction oriented to 90°,
(90+22.5)° or (90—22.5)%),

OR

one of the pixels I3 to I has a non-null amplitude and

a direction close to 135° (a direction that shall be
defined as being a direction oriented to 135°),

OR

one of the pixels I to Is has a non-null amplitude and

a direction close to 0° (a direction that shall be
defined as being a direction oriented to 0, 22.5° or
—22.5°). -

It will be noted that, in order to obtain a non-overlap-
ping division of the interval [0.27], a tolerance of +22.5
has been assigned only to the directions 0° and 90°.

Advantageously, this set of conditions can be defined
in the form of a single logic equation.

To this effect, it 1s possible to envisage a coding of the
pixels to be processed in the following form:

* C(x,y)=0 if the pixel (x,y) is not a contour dot, and
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* C(x,y)=20n) if the pixel is a contour dot, n desig-
nating the integer from 0 to 7 such that the direction of
the gradient at the point (x,y) (direction quantified by
22.5° steps) is equal to nx22.5.

In other words, if the amplitude of the pixel shows
that it belongs to a contour (non-null value), this pixel is
represented by a byte in which one and only one bit is
positioned, the position of this bit in the byte represent-
ing the coded direction.

It 1s then enough to search for the correspondence
between the corresponding values and a set of four
masks, corresponding to each of the four respective
directions considered:

MD; =00100000: mask of the directions close to 45°
MV 1=11000001: mask of the directions close to 0°
MD>=00000010: mask of the directions close to 135°
MHZ=00011100: mask of the directions close to 90°

In again taking up the neighborhood notations Ip. . .
Ig and in writing the coding of the pixel I; as C;, the
filling condition may then be represented by the follow-
ing logic expression, where “N” represents a logic
AND and “U” represents a logic OR:

(Co=0)NH{[(CLUCHNMD|)U{(CaUCe)NMV)IU
(CaNc)NMD;) U((C4UCg)NMH)}=£0}

If this expression is TRUE, then there are grounds for
assigning a value corresponding to a filler pixel (value
“17) to the corresponding pixel.

If not, the filling will not be done, the pixel will keep
the value “0" if it is not a contour dot, and will assume
the value “3” (11’ in binary notation) if it is a contour
dot.

Detection of Rectilinear Contours (Configuration Test

Thas step consists in checking to see whether, at each
dot M with coordinates (x,y) belonging to a contour,
the contour dots and the filler dots present in a given
neighborhood of this dot M(x,y) are capable of consti-
tuting straight-line segments passing through this dot
M-in which case, it will be decided that this contour
dot M belongs to a rectilinear contour.

To this effect, the neighborhood of each dot M is
compared with a certain number of *neighborhood
masks” or different reference configurations, supposed
to approximate a rectilinear contour segment.

If it is determined that there is an effective correspon-

dence of the neighborhood studied with any one of

these reference configurations, then it is decided that
there is effectively a rectilinear contour present.

The choice of the neighborhood considered is impor-
tant.

First of all, it is quite clear that the more extensive the
neighborhood, the more difficult will it be to physically

),233,670
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It 1s therefore necessary to find a compromise be-
tween these different considerations.

In practice, 1t has been observed that a neighborhood
mask with a dimension of 9 X9 makes for a satisfactory
choice in most cases.

Furthermore, to limit the complexity of the computa-
tions, instead of keeping all the 9 X 9=81 pixels consti-
tuting the neighborhood of the pixel considered, it is
advantageously possible to limit the mask to two con-
centric and non-contiguous crowns, the first one con-
sisting of a 5 X5 crown, one pixel wide, and the second
one consisting of a 9 X9 crown, also one pixel wide.

These two crown have been illustrated in FIG. 4, and

-1t is thus seen that it is possible to be satisfied with mak-

ing a study of only one set of 48 dots, i.e. only about half
of a full neighborhood of 81 pixels.

FIG. 5 shows a part of the set of neighborhood masks
for which it is considered that there is effectively a
rectilinear contour.

The sub-set of masks shown in FIG. § corresponds to
contour segment directions forming an angle of 0° to
45° with the horizontal (with the conventions of the
figure).

The other masks of the set are deduced simply from
the sub-set shown in FIG. § by vertical and horizontal
ax1s symmetries and rotations of one quarter turn, in
order to cover all the directions from 45° to 360°,

Thus, 102 different masks are obtained. If the neigh-
borhood formed by the 48 dots of the two 535 and
9 X9 crowns of the pixel considered matches any one of
these 102 configurations, then the central pixel will be
considered to be a rectilinear contour pixel.

To simplify the computation, it is possible to combine
all these configurations in the form of a limited set of
logic equations.

Thus, the testing of one (i) of the n configurations
may be done by a logic equation of the form:

L()=BpNB(i)NB2(i)N B3(i) N Bs(i),

where:

Bi(i) is TRUE if and only if the pixel located in the k*
element of the configuration is non-null, and

Bo1s TRUE if and only if the processed pixel is a con-
tour dot.
The result of the test is given by a logic OR on the

results of all the tests L(3):

L)

Let EC (external crown) and IC (internal crown) be

the logic vectors defined as follows:

EC[i]=1 if and only if the i*" element of the external
crown iIs non-null, |

ICfi] =1 if and only if|, for i as an even number value, the
(i/2)*: element of the internal crown is non-null, and

IC[i]=1 if and only if, for i as an odd number value, the
(i—1)/2)" or the (i4+1)/2)" element of the internal
crown is non-null.
Besides, if A and B designate two logic vectors:

Ali]l=A[i—1JUA[IJUA[i+ 1],

(ANB)ij=A[1]NBi],

VA=A[OJUA[1]JU... UA[n—-1],

A+ =(A[n—1], A[OL. .. A[n/2—1] (namely the upper
half of the components), and |
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A—=(A[n/2-1}, A[n/2). . . Aln—1] (namely the
lower half of the components),
The test can then be factorized in the form:

L=BpNV(ECNIC)+ MNECNIC)—

In other words, an examination is made to find out if
there are two neighboring elements located respec-
tively on the internal crown and the external crown
(test (ECNIC)+) then whether, in the opposite direc-
tion, there are also two neighboring elements located
respectively on the internal crown and on the external
crown (test (ECNIC)—) and finally a test a made to see
- whether these two half-segments are located in mutu-
ally )facmg positions (overall test (ECNIC)+ NECN
1C)™)

This overall test is carried out for each of the n points
of the neighborhood considered (general operator or
V).

If this overall OR is TRUE and if the central pixel is
‘a contour dot (Bp TRUE), then the contour to which
the pixel belongs is a rectilinear contour.

Once this processing has been done for all the pixels
of the image, the process is completed, and the original
unprocessed image 1s then reduced solely to the rectilin-
ear contours thus distinguished.

Architecture for the Implementatlon of the Processmg
in Real Time

Referring to the block diagram of FIG 6, a descrlp-
tion shall now be given of an architecture of circuits
capable of carrying out the processing operations, of the
above-described process, in real time.

Indeed, the processing algorithms described further
above have been chosen in order to enable this real-time
processing, given the very high rates which may go up
to 20 MHz for the rate of the pixels.

The first stage 10 or 10’ receives the unprocessed
image (namely all the pixels of a frame with, for each of
them, an inherent gray level) and carries out the approx-
imation of the gradient by a convolution operation as
indicated further above.

FI1G. 6 shows two possible approaches (blocks 10 and
10°) for this stage, side by side. These two blocks corre-
spond respectively to a 55 and 9X9 size of cores.
Naturally, only one of the two circuits will be used, the
choice of the circuit depending in fact on the core size
chosen, as a function of the image studied (the signal-to-
noise ratio and the nature of the objects sought).

This stage, in either of its forms, is made from two
circuits 11 (or 11 and 11') and 12 (or 12 and 12') which
- are universal VLSI circuits developed within the frame-

‘work of the European program EUREKA (“MIP”
project; No. EU34: Modular Image Processing).
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The video memory used by the invention is the Video

Memory MIP circuit, which is a memory circuit de-
signed for the organization of the data for the Linear
Filter MIP circuit (linear filter 12) and also for the
Sorting Filter MIP circuit (sorting filter 31 used further
below in the architecture).

This video memory circuit enables the memorizing of
four video lines of 1024 pixels each (maximum size),
each pixel being capable of being coded on eight gray
level bits. Thus, at the video cadence, it can deliver a
column of five pixels (the four pixels stored plus the
current pixel) to a linear filter or to a sorting filter
placed downline.

This memory can also be split up into two sub-memo-
ries supplied separately by two distinct video signals.
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Each half-memory then memorizes two video lines for
each of the signals.

The length of the lines can be programmed by exter-
nal command, with a maximum size of 1024 pixels.

The Linear Filter MIP circuit, for its part, is a dedi-
cated circuit that can be used to carry out the convolu-
tion of an image E with a mask K according to the
relationship: |

C(n,m)=2E(n<+1,m-+;)-K(3,))

This circuit has the following functional characteris-

tics:

processing neighborhood: §x 10,

two possible modes of operation: “real” mode (single
convolution) and *“‘complex” mode (two simultaneous
convolutions with two different masks),

programmable video format (line return, frame return),

maximum video rate: 20 MHz,

input: five 8-bit pixels,

output: 16 bits (in real mode) or 24 bits (2 X2 bits in
complex mode), |

possibility of integrated post-processing operations:

the adjusting of the outputs by a transformation of the
following type

S(n,m)=a-C(n,m)-2%+c,

with a, b and ¢ programmable,

thresholding: the values below a given threshold may
be forced to zero, the values above this threshold
being kept in their state, or forced to 1 depending
on the thresholdlng mode;

computation of histogram, and

search for the minimum and for the maximum on the

results.

In the particular use of the invention, the linear filter
12 is associated with the video memory 11 to perform
the desired convolution. CTRL symbolizes the different
parametrization commands applied to the linear filter:
mask coefficients, programming of the circuit, values of
gain and offset for the adjustment. |

In the case of a 9X9 neighborhood (circuit 10'), two
linear filters 12, 12’ are associated in cascade, these
filters being associated with two video memories 11, 11’
also associated in cascade.

The statistical stage incorporates a linear filter en-
abling the analysis of the results delivered at output by
this filter.

In the case in point, the operation involves assessing
the statistics of the module of the gradient of the gray
level function of the image. For this purpose, a real-time
computation i1s done of a 16-level histogram on the
maximum of the absolute values of the real part and of
the imaginary part (the linear filter working in complex
mode).

- This estimation, as well as the maximum and mini-
mum values of this magnitude, will enable the servo-
hnking of the thresholding operation to the gradient as

‘well as the binarization, at output, of the thinning mod-

ule (see further below). |
The outputs delivered by the linear filter 12 or 12’ on-
the lines 13 and 14 have a complex Cartesian form.
To enable this information to be exploited, a certain
number of operations have to be carried out pixel after
pixel. These are:
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first of all, a conversion of Cartesian coordinates (x,y)
into polar coordinates (p,8), including an extension of
dynamic range,

a thresholding operation to eliminate a part of the
noise on the result on the estimation of the gradient (for,
it has been seen that, if the module of the gradient is
low, the estimation of the direction is marred by a high
degree of uncertainty; it is therefore necessary to elimi-
nate the non-significant values by forcing them to zero);
the adaptive threshold SA will be calculated on the
basis of the statistical data given by the linear filter, and

a quantification making it possible to optimize the
distribution of the values of the angle 8 on three bits
(this step conditions the efficiency of the thinning oper-
ation performed further below).

These processing operations, which imply non-linear
operations, may be carried out entirely by two Function
Module type MIP circuits 21 and 22, associated with
respective RAMs 23, 24,

More precisely, the MIP function module is designed
for the approximation of any two-variable continuous
function to the video rate. To this effect, the RAM that
1s associated with it contains the values of the function
on a sampling of dots (X;, Y;), withO=i=land 0=j=].
The function module determines the value of the func-
tion for (X, Y) by a bilinear or linear interpolation.

The following are its characteristics:
the storage of the values of the function on a 128 x 128

grid,
maximum video rate: 20 MHz,
inputs: 2 12 bits,
output: 12 bits.

In the case in point, the stage 20 has a first function
module 21 receiving, as an input, the coordinates x and
Yy, each on 12 bits, and delivering, at output, the value p
corresponding to the gradient norm | |G| | of FIG. 1.

A second function module receives the same inputs
and dehvers, at output, the value 8 corresponding to the
gradient argument Arg(G) of FIG. 1.

Only the top parts of the outputs will be taken into
account, namely 5 bits for the norm o and 3 bits for the
argument 6.

The control signals CTRL enable, in particular, the
loading, into the respective RAMs 23, 24, of the values
of the non-linear functions desired. They include the
adaptive threshold AS delivered by the linear filter 12
or 12’ of the preceding stage 10.

The adaptive thresholding may be done by using the
fact that the function module enables access to several
functions by an input selection (typically 16 functions).
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It 1s possible, for example, to choose eight different -

types of conversion and to quantify the space of the
thresholds on the basis of these functions.

The function of the next stage 30 is to achieve the
extraction of the contour dots (thinning of the image to
its contours alone). As explained further above, notably
with reference to FIG. 2, the processing neighborhood
here 1s a 3 X3 neighborhood, and the statistical type of
operation depends on the orientation of the gradient.

This operation for the extraction of the contour dots
1s done by means of another MIP circuit which is the
sorting filter (statistical filter) 31, combined with a two-
hine video memory 32 (to have the 3 X 3 neighborhood)
made herein in the form of a half-memory of a video
memory MIP component.

The structure of the sorting filter MIP component is
illustrated in greater detail in FIG. 7.
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This circuit receives, at the input, the lines memo-
rized in a four-line video memory. There will therefore
be available, at the input, a 5X 5 neighborhood consti-
tuted by the current line (applied directly a input) and
the four immediately preceding lines (loaded into the
video memory).

This 5X 5 neighborhood is processed by a window-
setting, sorting and extraction circuit which will de-
liver; at the output, in addition to the value of the cen-
tral pixel, the minimum value, the maximum value and

the k value (k being a programmable parameter) of the

pixels of this neighborhood.

To these four result signals, there i1s added an addi-
tional input signal. These five signals are redistributed
through a multiplexer to supply, as a function of the
commands CTRL, a simplified arithmetic unit, AU, two
comparators COMP and a second multiplexer MPX,
which 1s itself controlled by a programmable logic
which 1s itself supplied with the output values of the
cormparators.

The following are the characteristics of this MIP
sorting filter circuit:
maximum video rate: 20 MHz,

& masks interchangeable at the video rate,
input: 5 eight-bit inputs plus one additional input on
eight bits for the cascade and another additional
eight-bit input for the post-processing operations,
outputs two eight-bit outputs (S1and S;), plus one auxil-
lary three-bit output enabling the recovery of the
signal used for the mask selection (for example the
gradient direction in the case of the contour thinning
operation), this signal having, in the meantime, been
delayed so that it is synchronous with the outputs S;
and S-.
In practice, in the case of the circuit of figure 6, the
statistical filter 31 receives, at the input, the norm of the
gradient of the current pixel (line 33) and the norm of
the argument of gradient of the pixels of the adjacent
lines, the argument @ enabling notably (line 34) the
selection, in real time, as a function of this argument
value, of one of the four masks illustrated in FIG. 2.

The pixels of the neighborhood indicated by the mask
thus selected are sorted out by the circuit which ex-
tracts the three (minimum, k" and maximum) pixels
therefrom. The post-processor of the statistical filter
then makes 1t possible to apply the formulae developed
further, and aimed at searching for the local maximum.
The output of the result (line 35) is binary (the central
pixel is or 1s not a contour dot), and the circuit also
delivers, on three bits (line 36), the angle 6 that has been
used to select the mask, thus giving four bits at the
output.

A transcoding circuit 37, which may be constituted
by a single fast RAM, converts these four bits into an
eight-bit format coding the direction of the gradient as
a function of the position of the bit in the byte (see
explanations further above relating to the coding of the
pixels I to Ig with a view to filling).

The two remaining operations, namely the filling of
the holes and the configuration test, require a large
number of logic operations which have to be done at a
fast rate.

To implement them, it has been chosen to use EPLD
(Erasable Programmable Logical Device) type compo-
nents. These components are constituted, in a manner
well known per se, by OR and AND logic gates
grouped together in cells that end in storage registers.
Using an adapted development tool, the user programs
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~ each cell as well as the connections among the cells so
as to set up the corresponding logic expression desired.
- In the present case, the filling of the holes is done in

a stage 40 comprising an EPLD component 41, for
example an EP900 marketed by ALTERA, which is a
circuit constituted by 24 macrocells, with 12 inputs and
24 outputs.

Since the work is done in a 3 X 3 neighborhood, it is
enough to use a video half-memory 42 (memorization of
two prior lines). The EPLD component is programmed
SO as to carry out the logic function indicated further
above in the paragraph corresponding to the function of
filling the holes.

The final configuration test is carried out by a stage
30 including another EPLD component (for example a
EPM5128 component by ALTERA comprising 128
macrocells associated with a video memory 52. Indeed,
as seen further above, the configuration test acts on a
9X9 neighborhood with each pixel coded on two bits
(x="07", “1” or “2”). It is therefore necessary to use a
complete video memory MIP component.

Here again, the EPLD component is programmed to
carry out the configuration test explained further above.

What is claimed is:

1. A method to localize rectilinear contours in a digi-
tized image, for the recognition of shapes in a scene
analysis processing operation, said image being formed
~ by a two-dimensional frame of pixels, each exhibiting a
determined gray level,

wherein said method comprises the steps of:

(a) approximating for each pixel the gradient of the
gray level function of the image at the position of
each pixel, said gradient being defined by an argu-
ment, representing an element of direction informa-
tion, and by a norm, representing an element of

| amplltude information of the transition of the gray
level in said direction,

(b) extracting from among all of said pixels a sub-set
-of contour pixels, where each contour pixel corre-
sponds to a local maximum of the gray level func-
tion in the direction of the gradient, the maximum
being determined from said amplitude information,

(¢) complementing the sub-set of contour pixels by
interposed filler pixels if a disccmtinuity of the cor-
responding contour existsin a gwen ne:ghborhood
and

(d) performing for each contour pixel or filler pixel a
comparison between the neighborhood of the con-
tour or filler pixel with a series of characteristic

“pixel configurations, and designating the corre-
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sponding pixel as being a rectilinear contour pixel if

the comparison determines a correspondence of
the neighborhood of the pixel with one of the char-
acteristic configurations.
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2. The method of claim 1, wherein said neighborhood
being compared includes two concentric and non-con-
tiguous square crowns defined around each contour
pixel or filler pixel.

3. The method of claim 2, wherein the two concentric
and non-contiguous square crowns are constituted by a
3X 35 crown and a 9 X9 crown surrounding the contour
pixel or filler pixel.

4. The method of claim 1, wherein the step (a) for
approximating the gradient comprises forming the con-
volution of the gray level function of the image with the
gradient of a smoothing function.

5. The method of claim 4, wherein said smoothing

function is a derivative of the Gaussian function.
6. The method of claim 1 further comprising deter-
mining whether the norm of the gradient is below a
threshold and forcing the value of the norm to zero if
the norm is below said threshold.

7. The method of claim 6, wherein said threshold
determining operation is an adaptive thresholding oper-
ation, wherein respective thresholds are determined as a
function of a mean of a norm of a gradient on the previ-

ous image.

8. A device for locallzmg rectilinear contours in a
dlgltlzed image, for recognizin g shapes in a scene analy-
sIs processing operation, said image being formed by a
two-dimensional frame of pixels each exhibiting a deter-
mined gray level, comprlslng

means for approximating for each pixel the gradient

of the gray level function of the image at the posi-
tion of each pixel, said gradient being defined by an
argument, representing an element of amplitude
information and by a norm, representing an ele-
ment of amplitude information of the transition of
the gray level in said direction,

discriminating means for extracting from among said

pixels a sub-set of contour pixels, where each con-
tour pixel corresponds to a local maximum of the
gray level function in the direction of the gradient,
said maximum being determined from transitions of
said amplitude information,

filler means for complementing said sub-set of con-

tour pixels by interposing filler pixels if there is a
discontinuity in the corresponding contour in a
given neighborhood, and

comparator means for comparing for each contour

~ pixel or filler pixel, the neighborhood of the pixel

with a series of characteristic configurations, and
designating the corresponding pixel as being a rec-
tilinear contour pixel is a comparison determines a
correspondence between the neighborhood of the
pixel with one of said characteristic configurations.
9. The device of claim 8, wherein localizing of the

rectilinear contours is done in real time.
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